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Air Quality Models to...
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... Simulate the
e transport
e chemical transformation
e deposition of air pollutants

... more recently formation of secondary
particles from gaseous precursors and particles
dynamics




What kind of models?

There are different models for different applications !!!
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According to mathematical approach

e analytical models (gaussian type models)
o statistical models (diagnostic models)
e numerical models (prognostic models: eulerian, lagrangean).

According to air pollution problem

e spatial scale: global, regional, mesoscale, urban, local, microscale
e temporal scale: short-term, seasonal, long-term
e chemical reactions: passive dispersion, photochemical, ...

but computer capacity and experts are also important

As much complex is the model better results could
provide, however more resources are needed!!!

What are the model inputs and outputs R
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>

INPUTS AIR
Meteorology QUALITY

Topography and Landuse
Emissions MODEL

AIR QUALITY
Air Pollutants Concentrations

EFFECTS

Human health
Buildings, Biota, Climate




Regional Models — some examples
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Danish Eulerian Model DEM
http://www.dmu.dk/AtmosphericEnvironment/DEM

European Air Pollution Dispersion EURAD/FFA

http: / /www.eurad.uni-koeln.de

European Operational Smog EUROS
Long Term Ozone Simulation LOTOS

Multi-scale Atmospheric Transport and Chemistry MATCH

http:/ /www.smhi.se/sgn0106/if/ meteorologi/ match.htm

REM3/CALGRID, Regional Eulerian Model + California
Grid Model

Regional scale models
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DEM EURAD EUROS LOTOS MATCH REM3C
ALGRID

Aerosol Module
Size distribution

In-cloud conversion

Aerosol dry deposition
Heterogeneous chemistry
— N,O; treatment

Sub-grid deposition
correction

SOA formation

Primary organic
compound




Regional Models - EURAD
(EuRAD-system)
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Modal Aerosol Dynamics Model for Europe
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Some Results — REM3/CALGRID
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From regional to urban

MODEL HIERARCHY

LARGE 5CALE i | URBAN SCALE MICRO SCALE l

METEOROLOGICAL METEOROLOGICAL MISCAM G RRRERE
INPUT 1.0 FLOW MODEL INPUT

INPUT
FROM OBSERVATIONS FROM DBSERVATIONS PO
AND MODELLING AND MODELLING COMPLEX BUILDING m&%ﬁmg%aﬂmm
COMFIGLRATIONS

| | 1 i i |
REM3/CALGRID REM3/CALGRID MICRO-CALGRID CPB
2D STREET CANYON

5-0 PHOTOCHEMICAL
PLUME | BOX MODEL

METEOROLOGY

30 PHOTOCHEMICAL 30 PHOTOCHEMC AL
LRT-MOOEL URBAN SCALE MODEL MICRO SCALE MODEL
| SAPRCH CEMA and INERT

SAPRCUD.CEMY CHEMISTRY SAPRCH,.COMA CHEMESTRY NO-NO,-0, CHEMISTRY

N

URBAN SCALE [ MOBILEV i

EUROPEAN WIDE
EMISSION INVENTORY| | EMISSION INVENTORY evssonmoon. |
FOR ]

THAFFIC INDUCED EMISSI0NS

RESOLUTION; {1-2)x(1-2) km?
IN STREETS

RESOLUTION: 25 x 25 km?

‘ BOUHDBRY CONDITIONS

PM wrorlshop Berlin Now 4-6 2002




Some Results — REM3/CALGRID
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Urban scale — CITY DELTA

MAIN SCIENTIFIC OBJECTIVES:

 What is the influence of local versus regional
emission (reductions) on health-relevant

metrics for fine particles (PM10, PM2.5) and

ozone in urban air?
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 How are predictions derived from regional
models (e.g. with a spatial resolution of 50*50
km) different from predictions obtained with
finer resolved models?

 What is the range of agreement between
different scale dispersion models on the level of
responses to emission changes?

http://rea.ei.jrc.it/netshare/thunis/citydelta/




Urban scale — CITY DELTA
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Copenhagen Prague

http://rea.ei.jrc.it/netshare/thunis/citydelta/

Applications — Mesoscale &
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From urban to local scale
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3 population

ExXposuresmodel

define the boundary
conditions for the local scale

application CFD model application used for
the estimation of hourly PM,,
concentrations in indoor
microenvironments




Local scale modelling

University of Aveiro

VADIS
CFD model developed at the University of Aveiro

. - . Entrecampos
SImUIatlon domaln Air Quality Station

= 1000m x 1000m x 60m in Lisbon city centre \

= resolution 5m x 5m x 3m

= 29 buildings with an average height of 12 m v

= 8 main roads

Results and Discussion

mesoscale mode"ing University of Aveiro

28" of February 2000
9:00
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PM10 concentrations reach
a maximum of 160 pg.m-3

MEMO-PM results — Wind and PM10 concentration fields at 9:00




Results and Discussion &

|Oca| scale mode"ing University of Aveiro

28" of February 2000
9:00

PM10 concentration values inside
the domain are above the daily limit
value of 50 pg.m-3

South/North (m)

A Entrecampos air quality station
500
West/East (m) — Road network

VADIS results - Wind and PM10 concentration fields at 9:00

Results and Discussion

population exposure modelling University of Aveiro
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APEI5O0 field for 9:00 with microenvironments distribution

= highest values of APEI50 found in schools and faculties

= high APEI50 values in some office buildings in the vicinity of roads




SEMI-EMPIRICIAL MODELS

(based on PM measurements)
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TEMATIETEE
8 METEOQORODLE
FINNISH METEO

A semi-empirical model for evaluating urban
particulate matter concentrations and comparison of
model predictions with data of an urban measurement
network

Ari Karppinen,

Jari Harkénen, Mia Pohjola, Jaakko Kukkonen,
Finnish Meteorological Institute (FMI),

Air Quality Research, Helsinki, Finland

Anu Kousa, Paivi Aamio
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Future work
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=) Continue the review on PM modelling in Europe

=) Understand the needed data




